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Abstract: Repellent activity of monoterpenoid esters (1-6) 
with neurotransmitter amino acids (GABA and glycine) 
was investigated against Aedes aegypti by using a “cloth-
patch” assay and compared to reference standard N,N-
diethyl-3-methylbenzamide (DEET). Monoterpenoid esters 
showed repellent activity with minimum effective dosages 
(MED) in the range of 0.031-0.469 mg/cm2. The carvacrol 
ester of GABA (2, MED of 0.031 ± 0.008 mg/cm2) exhibited 
the highest repellency of six monoterpenoid esters tested 
in comparison to the standard repellent DEET (MED of 
0.009 ± 0.002 mg/cm2); however, the repellent activity of 
carvacrol-glycine ester (5) decreased 4-fold compared to 
the carvacrol-GABA derivative (2). The repellent activities 
of menthol GABA (1, MED= 0.375 ± 0.000 mg/cm2) and 
glycine ester (4, MED=0.312 ± 0.063 mg/cm2) were similar. 
The guaiacol-glycine ester (6) was 3.75-fold more efficacious 
than the guaiacol ester of GABA (3). In the present study, 
we report repellent efficacy of prolonged exposure to GABA 
and glycine esters of menthol, carvacrol, guaiacol (1-6) as 
compared to the repellent activities of their monoterpene 
moieties alone. 

Keywords: repellents, mosquito, monoterpenoids, GABA, 
glycine

Introduction 1  
Mosquitoes represent one of the most significant threats to 
human and veterinary health throughout the world. The 
mosquito Aedes aegypti (L.) is a primary carrier of viruses 
causing dengue fever, dengue hemorrhagic fever and 
yellow fever in the tropical and subtropical regions of the 
world; an estimated 2-2.5 billion people are at risk globally 
for dengue [1]. Recently the World Health Organization 
(WHO) recognized that Aedes-borne Zika virus has 
generated an international public health emergency [2,3]. 
Personal protection is one method to prevent viral transfer 
through mosquito bites. In particular, chemical agents 
such as N,N-dimethyl-3-methylbenzamide (DEET) have 
been used effectively to repel mosquitoes for more than 75 
years [4]. Importantly, despite long-term and widespread 
use, public concerns remain over the toxicity of DEET 
and other chemical repellents, and experimental results 
suggest that DEET indeed does exert negative effects on 
human health [4].  

Insect pest control technology today focuses upon the 
development of “green” methods [5], and there are several 
non-DEET products available on the market [6]. Picaridin 
[1-piperidinecarboxylic acid, 2(2-hydroxyethyl)-1-methyl 
propylester, also referred to as KBR 3023] has been added 
to the list of repellents recommended by the U.S. Centers 
for Disease Control and Prevention (CDC). The compound 
IR3535 (3-[N-butyl-N-acetyl]-aminopropionic acid, ethyl 
ester) has been registered as an active ingredient and sold 
as an insect repellent [6]. Medicinal plant essential oils 
have been extensively studied for their abilities to repel or 
kill insects [7,8]. Most of these botanical repellents contain 
citronella, eucalyptus, geraniol and/or cedarwood oil as 
the active ingredient [6]. Two citronella oil-based repellents 
(Cymbopogon nardus and C. winterianus) are registered and 
sold in commercial preparations [6]. Lemon eucalyptus 
oil (Corymbia citriodora) containing p-menthane-3,8-diol 
as the main active component has also been added to the 
list of recommended repellents [6]. Plant essential oils are 
generally recognized as an important natural source of 
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monoterpenoids, which are well known to demonstrate 
repellent, antifeedant and insecticidal properties against 
insects [1,9].

Monoterpenoids have been studied as candidate 
insecticides for many years; however, their mode of action 
is not yet fully understood [10]. Monoterpenoids act on 
various targets in the insect nervous system, including 
γ-aminobutyric acid (GABA)-gated chloride channels, 
octopamine receptors, tyramine receptors, acetylcholine 
esterase, nicotinic acetylcholine receptors (nAChR), 
sodium channels, and possibly other [11,12]. Different 
monoterpenoids have been found to bind to ionotropic 
GABA receptors in insects. Thymol, linalool, menthol, 
camphor, carvone, borneol, and other monoterpenoids 
have been shown to be positive allosteric modulators of 
insect GABA receptors [13].

One of the impediments to the use of pure terpenes 
(or terpenoids) is that they may cause skin irritation or 
allergic reactions and they evaporate quickly from the 
surface of the skin. As an approach to overcoming these 
obstacles, we propose to use terpenoid esters containing 
fatty or amino acids to reduce the side effects of pure 
terpenoids and to prolong the action of repellents.  In 
this study, we investigated the repellent efficacy of three 
monoterpenoids (menthol, carvacrol and guaiacol) 
and their esters combined with amino acids (GABA and 
glycine).

Experimental 2  

General2.1  

Monoterpenoid esters of GABA and glycine were 
synthesized via Steglich esterification as described [14,15]. 
The synthesized compounds are designated numbers 
as follows: (1R,2S,5R)-2-isopropyl-5-methylcyclohexyl 
4-aminobutyrate hydrochloride (1), 5-isopropyl-2-
methylphenyl 4-aminobutyrate hydrochloride (2), 
2-methoxyphenyl 4-aminobutyrate hydrochloride (3), 
(1R,2S,5R)-2-isopropyl-5-methylcyclohexyl aminoacetate 
hydrochloride (4), 5-isopropyl-2-methylphenyl 
aminoacetate hydrochloride (5), 2-methoxyphenyl 
aminoacetate hydrochloride (6).   

Menthol (CAS Registry No. 1490-04-6, Sigma-Aldrich, 
St. Louis, MO, USA), carvacrol (CAS Registry No. 499-75-2, 
Sigma-Aldrich, St. Louis, MO, USA) and guaiacol (CAS 
Registry No. 90-05-1, TCI America research Chemicals, 
Portland, OR, USA) were obtained commercially. 

Mosquitoes 2.2  

Mosquitoes used in all bioassays were female Aedes 
aegypti (Orlando strain, 1952) from the colony maintained 
at the Center for Medical, Agricultural, and Veterinary 
Entomology (CMAVE,USDA-ARS) in Gainesville, FL. Pupae 
were obtained from the onsite colony and maintained in 
laboratory cages until ready for use in experiments. Newly 
emerged mosquitoes were maintained ad libitum on a 10% 
sucrose solution at 25-28°C ambient temperature, 60-80% 
relative humidity and a 14:10 (light:dark) photoperiod. 
Nulliparous female mosquitoes aged 6-10 d were 
preselected for host-seeking behavior from stock cages 
using a hand draw-box and a collection trap [16].

Cloth Patch Assay2.3  

Repellent efficacy was determined as the minimum 
effective dosage (MED) of a compound against Ae. aegypti 
as described [17,18].  Briefly, monoterpenoids or their esters 
were dissolved in acetone to obtain 25 and 2.5 µmol/cm2 
of each compound on a 50 cm2 cloth that was immersed 
into the prepared solutions. The cloth was then dried 
approximately 3 min before applying to a volunteer’s arm, 
which was inserted into a cage containing mosquitoes. The 
arm was protected by a plastic glove and sleeve in which 
window was cut and covered with the treated cloth. To 
estimate repellent activity, the protected arm was inserted 
into the mosquito cage for 1 min and the numbers of 
blood-feeding mosquitos and insects that remained biting 
through the cloth were determined. In order to assess the 
MED value, the cloth was impregnated with a series of 
following dosages in acetone: 1.5, 0.75, 0.375, 0.094, 0.047, 
0.023 and 0.011 mg/cm2. 

Ethical approval: Written informed consent was 
obtained for all human subjects used in this study in 
accordance with protocol #636-2005, as approved by the 
University of Florida Institutional Review Board (IRB-01).

Results and Discussion3  
Among botanically-derived insecticides, terpenoids 
are often considered prime candidates because they 
typically have lower toxicity to mammals, relatively high 
volatilities and potent toxicities to pests [19]. Although 
DEET is widely used as an active ingredient in a variety of 
repellent sprays, liquids, impregnated materials, etc., the 
toxicity and environmental consequences of DEET-based 
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products continue to be of concern to some consumers. 
Herein, we explore repellent candidates with expected 
mechanism of repellency that differ from that of DEET. 
One of the insecticidal mechanisms is associated with 
modulation of GABA-gated chloride receptors [13]. Some 
monocyclic terpenoids have been found to be positive 
allosteric modulators at insect GABA receptors [13]. Thus, 
the combination of terpenoid residues with GABA in 
single molecules is potentially an attractive approach for 
pest control. Moreover, GABA co-releases with another 
neurotransmitter amino acid, glycine, and co-activation 
of glycine and GABA receptors has been extensively 
described [20]. Thus, in the present work, esters based 
on terpenoid alcohols (menthol, carvacrol, and guaiacol) 
and amino acids (GABA, glycine) have been synthesized 
as potential repellents with prolonged activity.

Synthesis of esters based on monocyclic terpenoids 
with GABA or glycine (1–6) was carried out via Steglich 
esterification with N,N′-dicyclohexylcarbodiimide (DCC) 
and 4-dimethylaminopyridine (DMAP) as a catalyst in 
dichloromethane (Figure 1) [14,15].

In our research, DEET, known as a highly efficacious 
repellent, served as a positive control (MED value of 
0.009 ± 0.002 mg/cm2) (Table 1). As the MED value of 
DEET may vary slightly for different sets of experiments, 
an additional index – repellency proportion (RP) – was 
introduced. The RP represents the ratio of the MED for the 
candidate to the MED for DEET and was determined for a 
particular set of replicates. The investigation of insecticidal 
activity of synthesized compounds against Aedes aegypti 
demonstrated that most of the terpenoid esters produced 
MED values that ranged from 0.125 - 0.469 mg/cm2; this 
range implicates these compounds as weaker repellents 
compared to DEET. 

The most toxic derivative tested against Aedes 
aegypti was carvacrol ester 2 with a repellent MED of 
0.031 mg/cm2. Carvacrol acylation with GABA residues 
leads to a reduction in repellent activity compared with 
pure carvacrol (MED = 0.013 ± 0.005 mg/cm2) indicating 
a significant role for the free OH group in the terpenoid 
structure. The influence of a hydroxyl group on the 
insecticidal action was also demonstrated for compounds 
with alkylated OH groups. Carvacrol methyl ethers and 
thymol methyl ether are inferior repellents compared to 
the pure terpenoids, with MED values of 0.063 ± 0.016 and 
0.258 ± 0.117 mg/cm2, respectively [22, 23]. Interestingly, 
carvacrol and thymol demonstrated good repellency 
whereas the biological precursor of carvacrol and thymol, 
p-cymene, which is devoid of the hydroxyl group, did not 
repel at the highest test concentration of 1.5 mg/cm2 [22].  
A comparison of MED values for pure menthol (0.094 ± 

0.000 mg/cm2) and guaiacol (0.109 ± 0.041 mg/cm2) to 
MEDs of their corresponding esters (0.312 mg/cm2 for 
ester 4 and 0.125 mg/cm2 for ester 6) also suggests that the 
hydroxyl group is necessary for the repellent activity. 

Here, we have demonstrated the possibility of 
developing contact repellents based on a combination 
of terpenoid esters and neurotransmitter amino acids. 
However, their potential utility as spatial repellents will be 
a subject of examination in the next phase of our research. 
Since these derivatives undergo hydrolysis resulting in a 
gradual release of the terpenoid moiety, such a mechanism 
could provide prolonged insecticidal action.   

Conclusions4  
In the present study, we evaluated the repellent activity 
of monoterpenoid esters combined with GABA and 
glycine against Ae. aegypti. Among the derivatives, the 
carvacrol ester of GABA was the most active repellent 

CH3

CH3 CH3

O

O

NH2

CH3

CH3 CH3

O

O
NH2

O
CH3

O

O
NH2

CH3

CH3 CH3

O
NH2

O

CH3

CH3 CH3

O
NH2

O

O
CH3

O
NH2

O

1                                                       2                                                                   3

4                                                       5                                                                   6

Figure 1: Structures of terpenoid esters containing GABA (1-3) and 
glycine (4-6) residues. All esters were prepared as hydrochlorides. 

Table 1: Minimum effective dosage (MED) of tested esters against 
Aedes aegypti.

Compound MED, mg/cm2 ± SEM MW RP*
1 0.375 ± 0.000 277.5 41.667
2 0.031 ± 0.008 271.5 3.444
3 0.469 ± 0.282 245.5 52.111
4 0.312 ± 0.063 249.5 34.667
5 0.125 ± 0.031 243.5 13.889
6 0.125 ± 0.031 217.5 13.889
Menthol 0.094 ± 0.000 156 8.545
Carvacrol** 0.013 ± 0.005  150 2.167
Guaiacol 0.109 ± 0.041 124 9.909
DEET 0.009 ± 0.002 191 -

*RP – ratio of compound MED to DEET MED for a particular 
experiment.
** Results from our previous study [21]
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with a MED value of 0.031 ± 0.008 mg/cm2. The presence 
of a free hydroxyl group in the terpenoid structure plays 
a significant role in the manifestation of the insecticidal 
effect. For the practical use of terpenoid derivatives as 
long lasting repellents, further research confirming their 
prolonged action is needed.   
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